Treatment of a 7,17-seco-type C 19 -diterpenoid alkaloid (3), prepared from deltaline (8), with triethylamine in either DMF or TEG (triethylene glycol) at 120°C provided two interesting compounds 6 and 7. The structures of compounds 3, 6, and 7 were established based on extensive interpretations of their 1D and 2D NMR data. Compound 6, a lycoctonine-type C 19 -diterpenoid alkaloid, can be transformed from alkaloid 3 via Grob fragmentation, Prins reaction, and intramolecular disproportionation. The mechanism of the formation of compound 6 was confirmed by deuteration experiments. Product 7 was formed through a pinacol-like rearrangement of alkaloid 3.
The diterpenoid alkaloids have mainly been obtained from plants of the genera Aconitum and Delphinium (Ranunculaceae). Their various pharmacological activities and intriguing chemistry have attracted prime and lasting attention of researchers around the world. However, there are very few reports on the interconversion between different types of diterpenoid alkaloids [1a-1c] .
It has been reported by Sakai et al. that the 7,17-seco-type C 19 -diterpenoid alkaloid 1 can be converted into aconitine-type alkaloid 2 by sequential Grob fragmentation (1→A), Huang Minlon reduction (NH 2 NH 2 , KOH; A→C), and intramolecular Mannichlike reaction in 37% yield (Scheme 1) [1d] . According to this method, we have also transformed the 7,17-seco-type C 19 -diterpenoid alkaloid 3 to compound 5, a derivative of the aconitinetype alkaloid 4, but the yield was quite poor (10% yield). We then attempted to increase the yield based on the proposed mechanism [1d] by using triethylamine as base. Consequently, alkaloid 3 was treated with triethylamine in triethylene glycol (TEG) at 120 o C. To our surprise, this reaction led to two undesired but interesting products 6 and 7 instead of the intended intermediate B. In this paper, we wish to report the formation of these two products and their plausible mechanism.
Compound 3 was prepared from deltaline (8) employing the method reported in the literature [2] . Specifically, deoxygenation at C-10 of deltaline, followed by removal of the dioxymethylene moiety generated triol 9. Oxidation of 9 with K 3 Fe(CN) 6 produced the expected 7,17-seco-type alkaloid 3, as well as oxidation product 6 (Scheme 2). It is worthy to note that aerobic oxidation of alkaloid 9 could also lead to the formation of compound 6 [2] . The NMR spectra ( 1 H, 13 C, and HMQC) of 3 showed the characteristic signals for an N,O-acetal unit (δ H 4.82 s, δ C 86.5 d), which could be assigned as a N-C(17)-O-C(7) fragment due to the key HMBC correlation between the signal at δ H 4.82 and C-7 (δ C 95.0 s) (Table 1; Figure 1 ). The 13 C NMR spectrum of 6 exhibited a typical signal for a ketone carbonyl group (δ C 219.0 s), which could be located to C-6 according to the critical HMBC correlation between this signal and H-17 at δ H 3.32 s (Table 2; Figure 2 ). Heating 7,17-seco-type alkaloid 3, catalyzed by triethylamine in either DMF or TEG at 120 o C, generated compound 7 (50%) in addition to compound 6 (20%). The NMR ( 1 H, 13 C, and HMQC) data of 7 showed the presence of an N,O-acetal moiety (δ H 5.10 s, δ C 85.8 d) and a ketone carbonyl group (δ C 209.5 s). The carbonyl group was assigned to C-7 on the basis of the key HMBC correlations of the signal at δ C 209.5 with H-15 (δ H 2.70, 3.02) and H-9 (δ H 3.07) (Table 2; Figure 2 ).
The formation of compounds 6 and 7 might be explained by the mechanism depicted in Scheme 3. Compound 7 might be formed by a semipinacol rearrangement of allylic alcohol A [6] , involving migration of an alkoxy group. A pinacol rearrangement is typically catalyzed by acid; however, this pinacol-like rearrangement was accomplished under basic condition. Triethylamine seems to be helpful to the dehydration of diol 3 to form allylic alcohol A. Interestingly, it seems that no external inducing factor is necessary for the semipinacol rearrangement of allylic alcohol A. Formation of 6 might start with Grob-like fragmentation of compound 3 in the presence of triethylamine to give intermediate B. Prins reaction of B might yield intermediate C, which might be converted to compound 6 through intramolecular disproportionation. To confirm the proposed mechanism of the formation of compound 6, the ESI-MS was acquired. The ESI-MS of the reaction mixture showed an ion peak at m/z 436 [M] + corresponding to the molecular formulae of intermediates B and C.
To further support the above mentioned proposal, a corresponding deuteration experiment was performed. Consequently, oxidation of compound 3 with Dess-Martin periodinane (DMP) generated ketone 10, which was reduced with NaBD 4 to yield deuterated alcohol 11. Under similar reaction conditions described for the preparation of compounds 6 and 7, deuterated ketones 12 and 13 were made from compound 11 (Scheme 4). The HRMS of compound 12 showed a pseudomolecular ion peak at m/z 437. in its 13 C NMR spectrum indicated that one proton of H 2 -19 in compound 6 was replaced by deuterium. Similarly, compounds 11 and 13 were established, based on analysis of their MS and NMR data (Table 1; Table 2 ), as the C-6 deuterated analog of compounds 3 and 7, respectively. All these demonstrated that compound 6 or 12 was formed via intramolecular disproportionation.
In conclusion, pinacol and semipinacol rearrangements have been extensively applied to the total synthesis of natural products [3] . They have also played critical roles in the conversional synthesis and chemical investigation of structurally complicated diterpenoid alkaloids [4a-4c] . Normally, the migration groups in the pinacol and semipinacol rearrangements are proton, alkyl, and aryl [4d]. Migration of an acetoxy group in a pinacol rearrangement has been reported by Mori [4e] during the synthesis of acetophthalidin. An uncommon migration of an amine group in a pinacol-like rearrangement has also been reported by Castle et al. [5] during the course of synthesis of isohasubanan. Migration of an alkoxy group is very uncommon in the pinacol-like rearrangements. As far as we know, only Lόpez et al. [6] and Cyrański et al. [7] have reported that the pinacol-like rearrangement of steroid 14, possessing a vicinal di-hemiketal, yielded 22-oxo-23-spiroketal (15) via migration of the alkoxy group (Scheme 5). In the present study, treatment of 7,17-seco-type diterpenoid alkaloid 3 with triethylamine (120 o C) gave the pinacol-like rearrangement product 7 with an uncommon alkoxy group migration. In addition, a lycoctonine-type diterpenoid alkaloid 6 was also generated from the reaction. The mechanism for the formation of compound 6 was proposed and confirmed by a deuteration experiment. It is worth noting that the above-mentioned pinacol-like rearrangement with an uncommon alkoxy group migration and intramolecular disproportionation is an unusual and intriguing reaction, especially in the field of diterpenoid alkaloids.
Experimental
General methods: Optical rotations, PE-314 polarimeter; IR, Nicolet 200 SXV spectrometer; ESIMS, VG-Autospec-3000 mass spectrometer; HRMS, Bruker BioTOFQ mass spectrometer; NMR, Varian INOVA-400/54 spectrometer; silica gel GF254 and H (10-40 mm, Qingdao, China) were used for TLC and CC.
Preparation of compounds 3 and 6:
To a stirred solution of 9 (13.6 g, 31.12 mmol) in acetone-water/1:1 (300 mL) was added K 3 Fe(CN) 6 (27.0 g, 82.00 mmol), and the mixture was stirred at room temperature for 1 h prior to the addition of conc. ammonium hydroxide solution (5 mL). The subsequent mixture was kept stirred for an additional 0.5 h before being extracted with CH 2 Cl 2 (100 mL × 3). The combined organic extracts were dried over Na 2 SO 4 , filtered and concentrated under reduced pressure. The residue was purified by silica gel chromatography (light petroleumacetone/2:1) to yield 3 (white amorphous powder, 8.9 g, 63%) and 6 (white amorphous powder, 1.8 g, 13%). 
Preparation of compound 5:
A mixture of 3 (2.0 g, 4.42 mmol), hydrazine hydrate (5.52 mL, 88.30 mmol) and KOH (248 mg, 4.42 mmol) in triethylene glycol (25 mL) was refluxed at 160 o C for 4 h. After removal of excess hydrazine and water, the reaction mixture was kept refluxing at 200 for an additional 1 h. The reaction mixture was cooled to room temperature, diluted with water, and extracted with EtOAc (50 mL × 5). The combined extracts were rinsed with brine, dried over Na 2 SO 4 , filtered and concentrated under reduced pressure. The residue was purified by silica gel chromatography (light petroleum-acetone/30:1) to yield 5 (white amorphous powder, 173 mg, 10%). 
Preparation of compound 6 and 7:
To a stirred solution of 3 (100 mg, 0.22 mmol) in DMF (3 mL) was added Et 3 N (37 μL, 0.22 mmol), and the mixture was refluxed for 40 min. The DMF was removed under reduced pressure, and the residue diluted with H 2 O (3 mL). The mixture was extracted with CH 2 Cl 2 (5 mL × 3), and the combined extracts were dried over Na 2 SO 4 , filtered and concentrated under reduced pressure. Purification of the residue by silica gel chromatography (cyclohexane-acetone/10:1) yielded 6 (white amorphous powder, 19 mg, 20%) and 7 (white amorphous powder, 48 mg, 50% 
Preparation of compound 10:
To a stirred solution of 3 (500 mg, 1.10 mmol) in CH 2 Cl 2 (10 mL) was added Dess-Martin periodinane (DMP, 936 mg, 2.20 mmol) and the mixture was stirred at 0 for 1 h prior to being quenched with saturated Na 2 S 2 O 3 . The organic layer was separated and the aqueous layer re-extracted with CH 2 Cl 2 (15 mL × 3). The combined extracts were dried over Na 2 SO 4 , filtered and concentrated under reduced pressure. The residue was purified by silica gel chromatography (light petroleumacetone/6:1) to yield 12 (white amorphous powder, 48 mg, 10%) and starting material 3 (white amorphous powder, 350 mg, 70%).
